Key Points for Decision Makers {#FPar1}
==============================

The safety and tolerability of single and multiple oral doses of evocalcet administered to healthy Japanese subjects were reportedThe pharmacokinetics of evocalcet was considered to be linear (range 1--20 mg evocalcet)Intact parathyroid hormone and serum calcium levels decreased dose proportionally and remained low with increasing dosages of evocalcet throughout the observation periodEvocalcet may be a novel calcimimetic that has similar efficacy and a better safety profile compared with the currently available cinacalcet hydrochloride

Introduction {#Sec1}
============

Chronic kidney disease--mineral and bone disorder (CKD--MBD), an important cause of morbidity and mortality in CKD, includes biochemical abnormalities of calcium, phosphorus, vitamin D, and parathyroid hormone (PTH), associated bone changes, and extra-skeletal ectopic calcification \[[@CR1]\]. With the progression of CKD, phosphorus excretion in urine, 1α-hydroxylation of vitamin D in the kidney, and intestinal calcium absorption decrease. One of the most characteristic CKD--MBD morbidities in patients with end-stage renal disease (ESRD) is secondary hyperparathyroidism (SHPT) \[[@CR2]\]. Hyperphosphatemia due to SHPT and ESRD is the key stimulator for fibroblast growth factor 23 (FGF23), which is a phosphaturic hormone \[[@CR3]\]. However, FGF23 also inhibits 1α-hydroxylation of vitamin D, causing low activated vitamin D levels \[[@CR4]\]. SHPT causes significant morbidity and mortality in ESRD due to renal osteodystrophy, osteitis fibrosa and heterotopic calcification of soft tissues such as blood vessels, and cardiovascular damage \[[@CR5], [@CR6]\]. A high and variable prevalence of SHPT (30--50%) has been reported in stage 5 CKD patients \[[@CR7]\]. Treatment of SHPT includes dietary restriction of phosphorus and the prescription of phosphate binders, and/or active vitamin D products. Calcimimetics are an emerging therapy for SHPT in CKD \[[@CR8]--[@CR10]\], allosterically modifying calcium-sensing receptors (CaSR) to reduce PTH secretions \[[@CR11]\].

Oral cinacalcet hydrochloride, a calcimimetic agent, is used for SHPT in CKD patients on maintenance dialysis. Cinacalcet acts on CaSR expressed in the parathyroid glands, thereby reducing serum PTH as well as calcium and phosphorus \[[@CR12]\]. Unlike activated vitamin D analogues, cinacalcet does not cause an increase in serum calcium and phosphorus. Large-scale clinical trials have shown that cinacalcet improves clinical outcomes and inhibits the onset of cardiovascular events, which are the primary causes of death in patients on dialysis \[[@CR13]--[@CR18]\]. There are safety concerns reported with cinacalcet, which include nausea and vomiting and transient episodes of hypocalcemia \[[@CR10], [@CR12]\]. Moreover, cinacalcet potently inhibits cytochrome P450 (CYP) 2D6 and is metabolized by CYP enzymes, primarily 3A4, 2D6, and 1A2; therefore, a potential drug interaction between cinacalcet and CYP2D6 substrates and CYP3A4 inhibitors may exist \[[@CR19]\].

Evocalcet (MT-4580/KHK7580), a novel calcimimetic agent, is expected to have an efficacy comparable to that of cinacalcet without causing these safety issues. In a non-clinical study, evocalcet had a dose-proportional PTH-lowering effect and only marginally affected the gastric emptying capacity \[[@CR20]\]. Evocalcet is expected to contribute to the attainment of PTH target values even in patients to whom cinacalcet cannot be administered, or for whom the dose cannot be increased to the therapeutically required level, because of adverse reactions; therefore, evocalcet is currently being developed to treat SHPT. We conducted single- and multiple-dose administration studies of evocalcet in healthy, adult Japanese male subjects to assess the pharmacokinetics, pharmacodynamics, and safety of evocalcet.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

Both the single- and multiple-dose studies were placebo-controlled, single-blind studies. Eligible subjects were hospitalized 2 days before the first administration of the investigational drug (Day − 2). Subjects received the investigational drug from Day 1 onward and were discharged at the specified dates. In the single-dose administration study, the subjects were scheduled to receive a single oral administration of evocalcet at a dose of 0.3, 1, 3, 6, 12, or 20 mg in a fasting state for 10 h or more, and to be hospitalized until 3 days after evocalcet administration (Day 4). At each dose, 6 and 2 subjects were randomly assigned to receive evocalcet or placebo, respectively. In the multiple-dose study, the subjects received either 6 mg or 12 mg of evocalcet orally within 30 min after breakfast once daily for 8 days. This study duration was considered to be appropriate for the evaluation of steady-state pharmacokinetics based on the results of the single-dose study. Subjects were hospitalized until 4 days after the final administration (Day 12). At each dose, 6 and 3 subjects were randomly assigned to receive evocalcet or placebo, respectively.

In both studies, the consumption of grapefruit (including food and drink containing grapefruit) and food and drink containing St. John's wort was prohibited from 1 week before the administration of the investigational drug until the end of the study. During the hospitalization period, the consumption of caffeine- and alcohol-containing drinks was prohibited. Smoking was prohibited from 2 weeks before the administration of the investigational drug until discharge, and the use of nicotine-containing anti-smoking drugs was also prohibited.

Pharmacokinetic Analysis {#Sec4}
------------------------

In the single-dose study, blood samples (2 mL) were collected before the administration of evocalcet (0 h) and at 0.25, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 36, 48, and 72 h after administration. Furthermore, urine was pooled from 24 h before the administration of the investigational drug and at 0--4, 4--8, 8--12, 12--24, 24--48, and 48--72 h. Urinary volume was also measured at these time points. In the multiple-dose study, blood samples (1 mL) were collected before the administration of evocalcet (0 h) and at 0.5, 1, 2, 3, 4, 8, and 12 h after administration on Day 1; only before administration on Days 2--7; and before the administration of evocalcet (0 h) and at 0.5, 1, 2, 3, 4, 8, 12, 24 (Day 9), 48 (Day 10), 72 (Day 11), and 96 (Day 12) h after administration on Day 8.

Bioanalytical Assay {#Sec5}
-------------------

In both studies, the blood samples were collected in vacuum blood collection tubes containing dipotassium dihydrogen ethylenediaminetetraacetate; they were immediately mixed by inversion and were centrifuged in a cooled centrifuge to obtain plasma. Plasma samples and pooled urine samples were immediately frozen and were stored at − 20 °C or below until analysis. After extraction from the plasma and urine samples using an OASIS µElution plate (Waters Co., Milford, MA, USA), the concentration of evocalcet was determined using a validated liquid chromatography tandem-mass spectrometry method with a stable isotope-labeled evocalcet as an internal standard (IS). Chromatographic separation was accomplished using either a high-performance (LC-20A) or ultra-fast liquid chromatography system (Shimadzu, Kyoto, Japan) and a Cadenza CD-C18 (2.0 mm ID × 75 mm, 3 μm) column (Imtakt Corporation, Kyoto, Japan) with a mobile phase containing buffer A (water/formic acid at 1000:1, v/v) and buffer B (acetonitrile/formic acid at 1000:1, v/v) at a flow rate of 0.3 mL/min. The high-performance liquid chromatography system was coupled to a tandem-mass spectrometer, API 5000 (AB Sciex Pte. Ltd., Concord, ON, Canada), with an electrospray ionization source. The mass spectrometer was operated in the selected reaction monitoring mode. Mass transitions (*Q*~1~/*Q*~3~) of *m/z* 375/155 and 381/155 were used for evocalcet and the IS in positive-ion mode, respectively. In validation tests, precision and accuracy of the method were determined using quality control samples at three concentrations for each matrix: 0.05, 10, and 100 ng/mL for plasma samples and 0.1, 10, and 100 ng/mL for urine samples. The intra- and inter-assay accuracy for spiked plasma samples ranged from − 10.3 to 3.2% and − 8.9 to 3.8%, respectively. The intra- and inter-assay precision for spiked plasma samples ranged from 4.0 to 9.2% and 5.5 to 8.8%, respectively. The intra- and inter-assay accuracy for spiked urine samples ranged from − 3.6 to 2.2% and − 3.8 to 1.8%, respectively. The intra- and inter-assay precision for spiked urine samples ranged from 0.7 to 1.8% and 1.1 to 3.3%, respectively. The lower limit of quantification was 0.05 ng/mL with a linear calibration range of 0.05 to 100 ng/mL in plasma samples, whereas in urine samples the lower limit of quantification was 0.1 ng/mL with a linear calibration range of 0.1 to 100 ng/mL. The samples above the upper limit of quantification were re-analyzed after dilution with the matrix. When the plasma or urine evocalcet concentration was below the lower limit of quantification, the data were handled as 0 ng/mL when calculating descriptive statistics.

The pharmacokinetic parameters (determined using a noncompartmental method) were calculated for each subject using Phoenix WinNonlin 6.1 software (Pharsight Corporation, Mountain View, CA, USA). The plasma pharmacokinetic parameters evaluated in the single-dose study included maximum plasma concentration (*C*~max~), time to *C*~max~ (*t*~max~), area under plasma concentration-time curve (AUC), elimination half-life (*t*~1/2~), apparent total clearance of the drug from plasma after oral administration (CL/*F*), apparent volume of distribution at steady state and terminal phase after non-intravenous administration (*V*~z,ss~/*F*), and the fraction of evocalcet excreted in urine 72 h after administration. The pharmacokinetic parameters evaluated in the multiple-dose study included the *C*~max~, *t*~max~, AUC~0--24~, trough plasma concentration (*C*~trough~), and cumulative coefficient of the *C*~trough~ ($\documentclass[12pt]{minimal}
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Pharmacodynamics {#Sec6}
----------------

The pharmacodynamics of evocalcet in both studies was determined from the measurements of intact PTH (iPTH), serum corrected calcium and serum phosphorus. Additionally, laboratory testing was performed to measure ionized calcium, intact FGF23, and urinary calcium. Intact FGF23 was measured using an enzyme-linked immunosorbent assay (FGF23 ELISA Kit; KAINOS Laboratories, Inc., Tokyo, Japan).

Safety Analysis {#Sec7}
---------------

The safety profile of evocalcet was determined by monitoring adverse events, adverse drug reactions, clinical laboratory values, vital signs, 12-lead electrocardiogram (ECG), and ophthalmological examination.

In the single-dose study, 12-lead ECG was performed before the administration of evocalcet (0 h) and at 2, 12, 24, 48, and 72 h after administration. In the multiple-dose study, 12-lead ECG was performed before the administration of evocalcet (0 h), at 4 and 12 h after administration on Days 1 and 8, and only before administration on Days 2--7. Twelve-lead ECG was performed also at 24, 48, 72, and 96 h after administration on Day 8, and performed on Day 15. In addition, subjects continuously wore a 12-lead Holter ECG monitor (H12+; Mortara Instrument, Milwaukee, WI, USA). Their heart rate, RR interval, PR interval, QRS interval, QT interval, and QTc interval (QTcF, QTcB) were measured blind at Cardiocore Lab, Inc. at 23.5, 23, 22, 21, 20, 18, 16, and 12 h before the administration of evocalcet; immediately before administration (0 h); and at 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 h after administration in the single-dose study. In the multiple-dose study, the measurements were performed at 22, 20, 16, 12, and 8 h before the first administration of evocalcet; immediately before the first administration; 2, 4, 8, 12, and 16 h after the first administration; before administration on Day 2; before the final administration on Day 8; and at 2, 4, 8, 12, 16, 24, 36, and 48 h after the final administration.

In both studies, an ophthalmological examination was performed using a slit lamp before the start of administration and on Day 4 (single-dose study) or Day 12 (multiple-dose study) after the final administration. This examination was performed because multiple administrations of a calcimimetic such as evocalcet or cinacalcet can cause particulate opacity of the lens due to decreased calcium levels (unpublished data). Vital signs (blood pressure, pulse rate, and body temperature) were measured at specified time points as well.

Results {#Sec8}
=======

Study Populations {#Sec9}
-----------------

In the single-dose study, a manufacturing issue affected the quality of the 0.1 mg capsules after administration of evocalcet had started. Therefore, although the 0.3 mg dose was used throughout the study, the pharmacokinetic and pharmacodynamic data from this group were used as observational values only, and the pharmacokinetic and pharmacodynamic parameters were determined for 42 subjects in the other groups. Table [1](#Tab1){ref-type="table"} shows the disposition of 60 healthy Japanese men (aged 20--39 years; body mass index: 18.5 kg/m^2^ to \< 25.0 kg/m^2^) in the single- (*n* = 42) and multiple-dose (*n* = 18) studies. In the multiple-dose group, evocalcet was discontinued in 1 subject in the 12-mg group, 3 days after the start of the administration.Table 1Subject demographics (single- and multiple-dose studies) CharacteristicSingle-dose studyMultiple-dose studyPlacebo1 mg3 mg6 mg12 mg20 mgPlacebo6 mg12 mg*n*1266666666Age23.7\
(20, 28)22.3\
(21, 25)23.3\
(20, 27)22.3\
(20, 28)20.8\
(20, 24)28.5\
(20, 35)23.8\
(20, 29)23.5\
(20, 36)23.5\
(20, 32)BMI20.7\
(18.8, 23.6)21.8\
(18.9, 24.5)20.8\
(19.0, 23.2)21.1\
(19.0, 23.0)21.9\
(18.6, 24.6)22.8\
(21.1, 23.7)21.8\
(18.6, 24.0)21.1\
(19.8, 22.3)21.9\
(19.5, 23.7)Intact PTH (pg/mL)37.6\
(25, 52)32.2\
(22, 41)37.2\
(31, 46)34.2\
(17, 47)36.3\
(30, 43)34.0\
(23, 46)33.8\
(25, 42)29.0\
(24, 37)31.0\
(25, 42)Corrected calcium (mg/dL)9.12\
(8.8, 9.4)9.33\
(9.1, 9.6)9.08\
(8.9, 9.3)9.08\
(8.8, 9.4)9.10\
(9.0, 9.4)9.17\
(9.0, 9.4)9.13\
(8.8, 9.5)9.03\
(8.8, 9.3)9.13\
(8.9, 9.4)Phosphorus (mg/dL)4.08\
(3.4, 4.6)4.18\
(3.8, 4.9)4.30\
(4.1, 4.7)3.98\
(3.6, 4.2)4.05\
(3.9, 4.3)3.92\
(3.4, 4.5)4.23\
(3.8, 4.7)4.12\
(3.5, 4.7)4.55\
(4.1, 5.0)Data are the mean (minimum, maximum)*BMI* body mass index, *PTH* parathyroid hormone

Pharmacokinetics {#Sec10}
----------------

In the single-dose study, the plasma drug level after the administration of evocalcet reached *t*~max~ at 1.5--2 h (median) after administration and showed biphasic changes; the mean *t*~1/2~ was 12.98--19.77 h (Fig. [1](#Fig1){ref-type="fig"}a; Table [2](#Tab2){ref-type="table"}). At this dosage, the *C*~max~ and AUC increased dose proportionally (Table [2](#Tab2){ref-type="table"}). In both groups, the fraction of evocalcet excreted in the urine was \< 0.1% of the dose.Fig. 1Plasma concentration-time profiles after single (**a**) and multiple doses (**b**) of evocalcet in healthy subjects. Error bars represent standard deviations Table 2Pharmacokinetic parameters of single-dose plasma evocalcetDose (mg)*n*AUC (ng·h/mL)*C*~max~ (ng/mL)*t*~max~ (h)*t*~1/2~ (h)CL/*F* (L/h)*V*~z~/*F* (L)16601.6 ± 170.359 ± 131.5 (1.0--3.0)19.77 ± 13.821.8 ± 0.644.8 ± 19.7362239.7 ± 269.5217 ± 241.5 (1.0--3.0)17.32 ± 6.741.4 ± 0.234.3 ± 13.9664038.5 ± 1154.7376 ± 541.5 (1.0--2.0)14.76 ± 2.741.6 ± 0.534.6 ± 13.51268855.8 ± 991.2867 ± 1092.0 (1.0--3.0)12.98 ± 4.911.4 ± 0.225.2 ± 8.420615307.4 ± 4442.11400 ± 2402.0 (1.0--3.0)18.89 ± 8.951.4 ± 0.435.3 ± 11.3Values are the mean ± SD*n* number of subjects used to calculate summary statistics, *t*~*max*~ median (min, max)*AUC* area under plasma concentration-time curve, *C*~*max*~ maximum plasma concentration, *t*~*max*~ time to maximum plasma concentration (*C*~max~), *t*~*1/2*~ terminal half-life, *CL/F* apparent plasma clearance of drug after extravascular administration, *V*~*z*~*/F* apparent volume of distribution in the elimination phase

Figure [1](#Fig1){ref-type="fig"}b shows the changes in the plasma drug levels in the multiple-dose study. On Day 1, the median *t*~max~ values were 3.83 and 3.60 h in the 6- and 12-mg groups, respectively; the mean *C*~max~ values were 393 and 898 ng/mL, respectively; and the mean AUC~0--24~ was 3447.1 and 8517.8 ng·h/mL, respectively (Table [3](#Tab3){ref-type="table"}). On Day 8, the final day of administration, the changes in the plasma levels were similar to those on Day 1 in both the 6- and 12-mg groups. The mean *C*~trough~ values 24 h after administration on Days 1--8 were 46.0--69.9 ng/mL in the 6-mg group and 108--166 ng/mL in the 12-mg group (Table [3](#Tab3){ref-type="table"}). The $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{{{\text{obs}},C_{\text{trough}} }}$$\end{document}$ were 0.95 and 0.97 ng/mL in the 6- and 12-mg groups, respectively (Table [3](#Tab3){ref-type="table"}).Table 3Pharmacokinetic parameters of multiple-dose plasma evocalcetDose (mg)Day*n*AUC~0--24~ (ng·h/mL)*C*~max~ (ng/mL)*t*~max~ (h)*C*~trough~ (ng/mL)*t*~1/2~ (h)CL/*F* (L/h)$\documentclass[12pt]{minimal}
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                \begin{document}$$R_{{{\text{obs}},C_{\text{trough}} }}$$\end{document}$6Day 163447.1 ± 721.3393 ± 1184.0 (3.0--4.0)57.0 ± 15.7------Day 863860.6 ± 643.3394 ± 974.0 (2.0--4.0)51.1 ± 14.618.50 ± 3.761.6 ± 0.30.95 ± 0.3512Day 168517.8 ± 2599.6898 ± 1824.0 (2.0--4.0)129 ± 71------Day 8610836.3 ± 4690.71050 ± 2503.0 (2.0--8.0)141 ± 11016.30 ± 5.241.3 ± 0.60.97 ± 0.34Values are the mean ± SD*n* number of subjects used to calculate summary statistics, *t*~*max*~ median (min, max)*AUC* area under plasma concentration-time curve, *C*~*max*~ maximum plasma concentration, *t*~*max*~ time to maximum plasma concentration (*C*~max~), *C*~*trough*~ trough plasma concentration, *t*~*1/2*~ terminal half-life, *CL/F* apparent plasma clearance of drug after extravascular administration, $\documentclass[12pt]{minimal}
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Pharmacodynamics {#Sec11}
----------------

### iPTH {#Sec12}

As shown in Fig. [2](#Fig2){ref-type="fig"}a, the percent change in iPTH levels from baseline started to decrease 0.5 h after the administration of evocalcet and reached the lowest levels 1--4 h after the administration of the single dose. At the time of the lowest iPTH levels within that time range, the percent changes from baseline in the placebo group and in the 1-, 3-, 6-, 12-, and 20-mg groups were − 20.79%, − 51.73%, − 64.73%, − 75.10%, − 70.50%, and − 70.45%, respectively, mostly showing a dose-proportional decrease. Thereafter, as the dose increased, there was a tendency for low iPTH levels to persist.Fig. 2Percent change in intact parathyroid hormone concentration in the single-dose study (**a**) and the multiple-dose study (**b**). Error bars represent standard deviations

In the multiple-dose study, iPTH levels decreased after the administration of 6 mg and 12 mg evocalcet and reached the lowest levels at 3--4 h after administration, returning to the baseline levels by Day 2 (Fig. [2](#Fig2){ref-type="fig"}b). Trough iPTH levels on Days 2--7 remained at baseline levels, with no difference between treatment groups. Thereafter, the iPTH level changes on Day 8 were similar to those on Day 1, returning to the baseline levels by Day 9. Furthermore, the changes in the iPTH levels were similar in the 6- and 12-mg groups.

### Corrected Calcium {#Sec13}

As shown in Fig. [3](#Fig3){ref-type="fig"}a, b, the extent of the change in corrected calcium levels from baseline started to decrease after administration of evocalcet and reached the lowest levels at 12--24 h after administration in the single-dose study, and during Day 1 (placebo) or Day 8 (6 mg and 12 mg evocalcet) after administration in the multiple-dose study.Fig. 3Percent change in corrected calcium concentration in the single-dose study (**a**) and the multiple-dose study (**b**). Error bars represent standard deviations

In the single-dose study, at the time point of lowest levels, the percent changes in the placebo group and the 1-, 3-, 6-, 12- (at 12 h), and 20-mg (at 24 h) groups were − 3.15%, − 5.34%, − 8.25%, − 10.63%, − 12.63%, and − 15.09%, respectively. Similar to what was observed for the iPTH levels, corrected calcium decreased and tended to persist in a dose-proportional manner.

In the multiple-dose study, at the time points at which levels were the lowest, the extent of changes in the placebo group and the 6- and 12-mg groups between Days 1--2 were − 3.05%, − 9.21%, and − 14.40%, respectively (Fig. [3](#Fig3){ref-type="fig"}b). Although the values did not return to baseline values 24 h after administration on Day 1 (before the administration of the investigational drug on Day 2), the trough corrected calcium levels on Days 2--7 were constant. At the time point at which the corrected calcium level was the lowest between Days 8--9 (i.e. 8 h after administration on Day 8), the percent changes were − 1.44%, − 15.68%, and − 19.40% in the placebo and evocalcet 6-mg and 12-mg groups, respectively, with all groups showing a greater decrease than was measured on Day 1. The level of decrease was greater in the 12-mg evocalcet group than in the 6-mg evocalcet group. The values returned to baseline on Day 11 or 12, 3--4 days after final administration of the investigational drug.

### Phosphorus {#Sec14}

In all groups in the single-dose study, phosphorus decreased until 6 h after administration, began to increase at 8 h, and peaked at 12 h (Fig. [4](#Fig4){ref-type="fig"}a) probably due to the decrease in PTH. At this peak, the percent changes from baseline in the placebo group and in the 1-, 3-, 6-, 12-, and 20-mg groups were − 9.73%, − 1.53%, − 1.50%, 2.53%, 7.86%, and 15.45%, respectively. In the evocalcet groups there was a tendency towards high phosphorus values in a dose-proportional manner.Fig. 4Percent change in phosphorus concentration in the single-dose study (**a**) and the multiple-dose study (**b**). Error bars represent standard deviations

In the multiple-dose study, phosphorus at Day 1 and Day 8 temporarily declined after administration and recovered to the baseline at 16 h after administration in both groups (Fig. [4](#Fig4){ref-type="fig"}b). In the evocalcet groups, phosphorus increased throughout the administration period and recovered to the baseline after the administration period ended.

### Other Laboratory Testing {#Sec15}

The ionized calcium levels showed changes similar to those of the corrected calcium levels (Supplemental Fig. S1a). Urinary calcium excretion increased dose proportionally 4--8 h after evocalcet administration, returning to baseline levels 12--24 h after administration (Supplemental Fig. S1b). As shown in Supplemental Fig. S2, similar to the iPTH and corrected calcium, intact FGF23 levels decreased and persisted in a dose-proportional manner after the administration of evocalcet.

Safety {#Sec16}
------

In the single administration study, tonsillitis was observed in 1 subject (17%) in the 0.3-mg evocalcet group, and gastrointestinal disorders were observed in 2 subjects (33%) in the 20-mg evocalcet group. All gastrointestinal disorders were determined to be adverse reactions, including abdominal discomfort and nausea and vomiting \[1 subject (17%) each\]. No adverse events occurred in the 1--12-mg evocalcet groups. In the multiple-dose study, no adverse events occurred in the placebo group or the 6-mg evocalcet group; however, tetany (moderate) occurred in 1 subject (17%) in the 12-mg evocalcet group, 3 days after the start of administration. The administration of the investigational drug was discontinued on the same day. This event was considered to be associated with decreased calcium caused by evocalcet; it was therefore considered to be an adverse drug reaction. This adverse drug reaction disappeared and resolved with the administration of calcium gluconate hydrate, 2 days after the onset of the adverse event.

The 12-lead ECG results are presented in Figs. [5](#Fig5){ref-type="fig"} and [6](#Fig6){ref-type="fig"}. In both studies, a non-significant QTcF prolongation at increasing evocalcet doses was observed. Neither findings were clinically significant or determined to be an adverse event. Changes in the baseline QTcF are negatively correlated with corrected calcium levels. In both studies, there were no clinically significant findings in the ophthalmological examination.Fig. 5Change from baseline in QTc interval (QTcF) in the single-dose study (**a**) and the multiple-dose study (**b**). Error bars represent standard deviations Fig. 6Correlation between the change in QTc interval (QTcF) and corrected calcium concentration in the single-dose study (**a**) and the multiple-dose study (**b**). Regression equation in the single-dose study: change from baseline in QTcF = 115.70--13.31 \* corrected calcium. 90% confidence interval for coefficient of corrected calcium: − 15.10 to − 11.51. Regression equation in the multiple-dose study: change from baseline in QTcF = 108.73--11.91 \* corrected calcium. 90% confidence interval for coefficient of corrected calcium: − 14.77 to − 9.04

Discussion {#Sec17}
==========

The single- and multiple-dose studies described here are the first clinical studies of evocalcet, and these provide important insights for the pharmacokinetics, pharmacodynamics, and safety of the drug. After a single dose of 1--20 mg evocalcet, the *t*~1/2~ was 12.98--19.77 h and was similar at all doses tested. The *C*~max~ and AUC increased dose proportionally. Accordingly, the pharmacokinetics of evocalcet after a single dose shows linearity in the 1--20 mg dose range. The bioavailability of evocalcet in rats was over 80%, showing higher bioavailability than that of cinacalcet (1--2%) \[[@CR20]\]. In a previous study in healthy Chinese subjects (*n* = 42), the pharmacokinetics, pharmacodynamics, and safety of cinacalcet were determined. With single doses of 25, 50, and 100 mg cinacalcet, the mean (standard deviation) *C*~max~ and AUC~0--last~ values were 7.68 (4.25), 17 (6.33), and 31.3 (16.42) ng/mL, and 58.4 (25.38), 187 (70.7), and 367 (180.03) ng‧h/mL, respectively. The *C*~max~ and AUC after administration of 1 mg evocalcet were 58.8 ng/mL and 567.0 ng‧h/mL, respectively. This suggests that the exposure of evocalcet in humans may be higher at lower doses than that of cinacalcet. In the multiple-dose study, the *C*~trough~ values were relatively unchanged at Days 1--8, showing no accumulation. Similarly, no accumulation has been reported for cinacalcet \[[@CR21]\].

After the administration of evocalcet, iPTH levels and corrected calcium levels decreased mostly in a dose-proportional manner, remaining at constant low levels at increasing doses, demonstrating that evocalcet had a pharmacological effect similar to that of cinacalcet \[[@CR22]\]. In a previous study, after the single administration of 25 mg cinacalcet to healthy Japanese adults, the lowest iPTH was approximately 15 pg/mL (4 h after administration), as compared with approximately 30 pg/mL before administration \[[@CR23]\]. The corresponding value after a single administration of 1 mg evocalcet in the present study was 15.0 pg/mL (1 h after administration) as compared with 32.2 pg/mL before administration. Consequently, a therapeutic effect may be attained with a lower dose of evocalcet than of cinacalcet.

In the present single-dose study, iPTH levels reached the lowest levels 1--4 h after administration, and corrected calcium levels subsequently reached the lowest levels 12--24 h after the administration of evocalcet. In the single- and multiple-dose studies, the decrease in and duration of corrected calcium levels were dose-proportional. In the multiple-dose study of 12 mg evocalcet, tetany occurred in 1 subject (17%) as an adverse drug reaction. This was resolved along with the recovery of the corrected calcium level after the administration of calcium gluconate hydrate. Accordingly, it was considered to be attributable to the calcium-lowering effect unique to calcimimetics \[[@CR24]\].

As defined in the ICH-E14 guideline \[[@CR25]\], evaluation of QT prolongation is necessary in the development of low-molecular weight compounds, particularly at the early stages of the clinical development phase. Decreased serum calcium causes QT prolongation \[[@CR26]\]. Accordingly, calcimimetics with serum calcium-lowering effects may cause QT prolongation, and cinacalcet has indeed been reported to cause QT prolongation \[[@CR27]\]. In the single- and multiple-dose assessments in the current study, evocalcet prolonged the QTcF in a dose-proportional manner. Because changes in the baseline QTcF are negatively correlated with corrected calcium levels, QTcF prolongation caused by evocalcet might have been a secondary effect due to decreased serum calcium (Fig. [6](#Fig6){ref-type="fig"}).

In the current study, evocalcet was shown to be safe in both the single- and multiple-dose assessments. Tonsillitis occurred in one subject (17%) receiving a single dose of evocalcet 0.3 mg. Gastrointestinal disorder occurred in two subjects (33%) receiving single doses of evocalcet 20 mg. With the exception of these two adverse events in the evocalcet 20 mg dose group, no gastrointestinal disorders occurred in subjects receiving a single dose or multiple doses of evocalcet. In non-clinical studies, evocalcet has been confirmed to only slightly inhibit gastric emptying, as compared with that observed for cinacalcet, suggesting that evocalcet may have a wider safety range when used in patients with gastrointestinal disorders \[[@CR20]\].

Evocalcet showed no clinically significant changes in laboratory tests, vital signs, 12-lead ECG, and ophthalmological examinations at doses up to 20 mg in the single-dose study and up to 12 mg in the multiple-dose study, indicative of its safety and tolerability.

Calcimimetics like evocalcet reduce PTH, restore mineral metabolism, enhance adherence, are safe for use, and may help to improve long-term outcomes in patients with CKD on dialysis. The efficacy and safety of these agents should be further explored in appropriately designed clinical studies in this target subject population. CaSR modulation is an effective approach to control SHPT. Interactions of this class of agent with other therapeutic options in CKD--MBD should be further explored in additional independent trials in the future.

Conclusions {#Sec18}
===========

The pharmacokinetics of evocalcet in the single-dose study showed linearity in the dose range of 1--20 mg, and no accumulation was observed in the multiple-dose study on Days 1--8. Aspects of the pharmacodynamics of evocalcet, such as the PTH- and serum calcium-lowering effects, may be reached at a lower dose than that of cinacalcet. In addition, evocalcet was safe and tolerable at doses up to 20 mg in the single-dose study and up to 12 mg in the once daily, 8-day multiple-dose study. No gastrointestinal disorders occurred at a dose of 12 mg evocalcet in the multiple-dose study; accordingly, evocalcet may cause fewer upper gastrointestinal symptoms than is observed for cinacalcet. The efficacy and safety of evocalcet as a calcimimetic agent should be assessed in further clinical studies.
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